Objective. This paper provides a brief review of deWnitions, characteristics, and categories of clinical indicators for quality improvement in health care.
The quality of health care is on the agenda in most health care systems. Much of this interest in quality of care has developed in response to recent dramatic transformations of health care systems, accompanied by new organizational structures and reimbursement strategies that may affect quality of care. However, only of late has systematic evidence about quality of care begun to be collected in most health care systems; in most countries there is no mandatory national system to track the quality of care delivered to the citizens. The question, therefore, is what do we know about the quality of health care? The literature indicates [1] [2] [3] [4] : (i) a lack of documentation about how major illnesses are treated in most health care systems; (ii) a lack of systematic outcome assessment; (iii) a lack of resource evaluation related to quality for speciWc diseases; (iv) persisting variations among providers in care for similar patients; and (v) that few formal monitoring systems are in place by health care providers or regulators. For most diseases, potential quality problems and their prevalence and incidence are unknown in many countries.
Assessing the quality of care has become increasingly important to providers, regulators, and purchasers of care. In recent years, providers have begun to be interested in evidence-based medicine and purchasers have begun to focus on the costeffectiveness of health care in producing health outcomes.
Indicators for performance and outcome measurement allow the quality of care and services to be measured. This assessment can be done by creating quality indicators that describe the performance that should occur for a particular type of patient or the related health outcomes, and then evaluating whether patients' care is consistent with the indicators based on evidence-based standards of care.
This paper aims to deWne clinical indicators in a standard way for a global audience, and to review a few classiWcations of clinical indicators that may be useful to those who wish to measure quality of care.
Terminology, concepts, and definitions Definitions
Quality of care can be deWned as 'the degree to which health services for individuals and populations increase the likelihood of desired health outcomes and are consistent with current professional knowledge' [5] , and can be divided into different dimensions according to the aspects of care being assessed [6] . This paper will focus on clinical indicators that describe the performance of health care and related outcomes.
Indicators have been deWned in several different ways:
1. As measures that assess a particular health care process or outcome [7] . 2. As quantitative measures that can be used to monitor and evaluate the quality of important governance, management, clinical, and support functions that affect patient outcomes [8] . 3. As measurement tools, screens, or Xags that are used as guides to monitor, evaluate, and improve the quality of patient care, clinical support services, and organizational function that affect patient outcomes [9] .
Indicators provide a quantitative basis for clinicians, organizations, and planners aiming to achieve improvement in care and the processes by which patient care is provided. Indicator measurement and monitoring serve many purposes. They make it possible to: document the quality of care; make comparisons (benchmarking) over time between places (e.g. hospitals); make judgments and set priorities (e.g. choosing a hospital or surgery, or organizing medical care); support accountability, regulation, and accreditation; support quality improvement; and support patient choice of providers. The use of indicators enables professionals and organizations to monitor and evaluate what happens to patients as a consequence of how well professionals and organizational systems function to provide for the needs of patients. Indicators are, however, not a direct measure of quality. Because quality is multidimensional, understanding quality requires many different measures.
Indicators are based on standards of care. These can be evidence-based and derived from the academic literature (see, for example, Cochrane Collaboration literature syntheses, meta-analyses, or randomized controlled trials) or, when scientiWc evidence is lacking, determined by an expert panel of health professionals in a consensus process based on their experience. Thus, indicators and standards can be described according to the strength of scientiWc evidence for their ability to predict outcomes [10] .
Key characteristics of an ideal indicator
An ideal indicator would have the following key characteristics: (i) indicator is based on agreed deWnitions, and described exhaustively and exclusively; (ii) indicator is highly or optimally speciWc and sensitive, i.e. it detects few false positives and false negatives; (iii) indicator is valid and reliable; (iv) indicator discriminates well; (v) indicator relates to clearly identiWable events for the user (e.g. if meant for clinical providers, it is relevant to clinical practice); (vi) indicator permits useful comparisons; and (vii) indicator is evidence-based. Each indicator must be deWned in detail, with explicit data speciWcations in order to be speciWc and sensitive. This is discussed in greater detail in a companion paper [10] .
Indicators may vary in their validity and reliability. Validity is the degree to which the indicator measures what it is intended to measure, i.e. the result of a measurement corresponds to the true state of the phenomenon being measured. A valid indicator discriminates between care otherwise known to be of good or bad quality and concurs with other measures that are intended to measure the same dimension of quality. Reliability is the extent to which repeated measurements of a stable phenomenon by different data collectors, judges, or instruments, at different times and places, get similar results. Reliability is important when using an indicator to make comparisons among groups or within groups over time. A valid indicator must be reproducible and consistent.
Indicators should be based on the best available evidence. Sackett et al. describe this as 'the integration of best research evidence with clinical expertise and patient values' [11] . The strength of evidence for an indicator will determine its scientiWc soundness or the likelihood that improvement in the indicator will produce consistent and credible improvements in the quality of care. Table 1 lists a few different classiWcations of indicators that may be useful when considering which should be used for a given purpose.
Types of indicators

Rate-based versus sentinel indicators
A rate-based indicator uses data about events that are expected to occur with some frequency. These can be expressed as proportions or rates (proportions within a given time period), ratios, or mean values for a sample population. To permit comparisons among providers or trends over time, proportion-or rate-based indicators need both a numerator and a denominator specifying the population at risk for an event and the period of time over which the event may take place.
A sentinel indicator identiWes individual events or phenomena that are intrinsically undesirable, and always trigger further analysis and investigation. Each incident would trigger an investigation. Sentinel events represent the extreme of poor performance and they are generally used for risk management. Table 2 shows examples of rate-based and sentinel indicators [12] . Rate-based and sentinel indicators can be generic or disease-speciWc, and related to either structure, process, or outcome (see below).
Indicators related to structure, process, and outcome
Indicators can be related to structure, process, or outcome of health care [13, 14] . 'Structure' denotes the attributes of the settings in which care occurs. This includes the attributes of material resources (such as facilities, equipment, and Wnancing), of human resources (such as the number and qualiWcations of personnel), and of organizational structure (such as medical staff, organization, methods of peer review, and methods of reimbursement). Examples of structural indicators are listed in Table 3 .
'Process' denotes what is actually done in giving and receiving care, i.e. the practitioner's activities in making a diagnosis, recommending or implementing treatment, or other interaction with the patient.
'Outcome' measures attempt to describe the effects of care on the health status of patients and populations. Improvements in the patient's knowledge and salutary changes in the patient's behavior may be included under a broad deWnition of outcome, and so may represent the degree of the patient's satisfaction with care.
In order for a process indicator to be valid, it must previously have been demonstrated to produce a better outcome. Similarly, using structural indicators for quality assessment is possible only if structural components have been shown to increase the likelihood of either a good outcome, or a process that has previously been shown to yield better outcomes. It is necessary, then, to have established such relationships before any particular component of structure or process is used to assess quality. These linkages may be based on scientiWc literature; if little evidence exists, professional experience concerning these linkages can be distilled using consensus methods. Only clinical indicators that are evidence-based have had the linkage between structure or process and patient health outcomes conWrmed [15] . The ability to assess the quality of medical technical care is bounded by the strengths and weaknesses of clinical science.
Structural indicators
'Structure' refers to health system characteristics that affect the system's ability to meet the health care needs of individual patients or a community. Structural indicators describe the type and amount of resources used by a health system or organization to deliver programs and services, and they relate to the presence or number of staff, clients, money, beds, supplies, and buildings. Examples of structural indicators are listed in Table 3 [4, 16] . The assessment of structure is a judgement on whether care is being provided under conditions that are either conducive or inimical to the provision of good care.
Process indicators
Process indicators assess what the provider did for the patient and how well it was done. Processes are a series of inter-related activities undertaken to achieve objectives. Process indicators measure the activities and tasks in patient episodes of care. Examples of process indicators are listed in Table 3 .
Some authors include the patient's activities in seeking care and carrying it out in their deWnition of the health care process. Others limit this term to care that health care providers are giving. It may be argued that providers are not accountable for the patient's activities and these, therefore, do not constitute part of the quality of care, but rather fall into the realm of patient characteristics and behavior that inXuence patients' health outcomes.
Outcome indicators
Outcomes are states of health or events that follow care, and that may be affected by health care. An ideal outcome indicator would capture the effect of care processes on the health and Clean and contaminated wound infection (1) Numerator: the number of patients who develop wound infection from the Wfth post-operative day after clean surgery (2) Denominator: the total number of patients undergoing clean surgery within the time period under study who have a post-operative length of stay of ≥5 days. Hospital-acquired bacteraemia [12] (1) Numerator: total number of patients who acquire bacteraemia (2) Denominator: total number of patients in hospital during the study period Sentinel indicators Numbers of patients who die during surgery Numbers of patients who die during the perinatal period wellbeing of patients and populations. Outcomes can be expressed as 'The Wve Ds' [5] : (i) death: a bad outcome if untimely; (ii) disease: symptoms, physical signs, and laboratory abnormalities; (iii) discomfort: symptoms such as pain, nausea, or dyspnea; (iv) disability: impaired ability connected to usual activities at home, work, or in recreation; and (v) dissatisfaction: emotional reactions to disease and its care, such as sadness and anger. Examples of outcome indicators are listed in Table 3 . Intermediate outcome indicators reXect changes in biological status that affect subsequent health outcomes. Some outcomes can only be assessed after years (e.g. 5-year cancer survival). It is therefore important to assess intermediate outcome indicators. They should be evidence-based and reXect the outcome (e.g. HbA1c in diabetes). They can be regarded as short-term outcomes [17, 18] . Examples are listed in Table 3 .
Risk adjustment
In most cases, multiple factors contribute to a patient's survival and health outcomes. Figure 1 illustrates potential factors that might contribute to the outcome of care [4, 19] . Therefore, outcome measures must be adjusted for factors outside the health system, if fair comparisons are to be made. In quality assessment, components that relate to the medical care system should be isolated, which is accomplished by controlling for signiWcant confounding factors that contribute to the outcome.
Factors that are frequently included in risk adjustment models include patient demographic, psychosocial characteristics (such as age, sex, and functional status), lifestyle factors (smoking, alcohol use), severity of the illness that is the focus for measurement, health status, and co-morbid conditions. Risk adjustment is essential before comparing patient outcomes across hospitals or providers [20, 21] .
Risk adjustment may be most important for outcome indicators [22, 23] . There are also other methods for ensuring that other differences among patient groups are not inXuencing comparisons of process or outcome indicators. For example, the population of patients for whom the indicator is measured can be carefully restricted. Alternatively, stratiWed analyses can be performed to examine speciWc types of patients within an overall sample.
Structure, process, and outcome: which measures should be chosen?
Of the structural indicators, measures that predict variations in processes or outcomes of care have the greatest utility, and such measures often focus on hospital or provider characteristics [16] . Regarding pediatric quality of care, one consistent Wnding has been that hospitals caring for higher volumes of patients with similar conditions have better adjusted mortality rates, which is also true for surgical procedures [18, 24] . Fourteen structural characteristics that have been demonstrated to be related to evidence-based processes or to outcomes have been identiWed [16] . The advantages and disadvantages of process versus outcome measures have been recently reviewed [22, 23, 25] . The following points may be worth reiterating. First, as others have also noted, elements of the process of care do not signify quality until they are validated by demonstrating their relationship to desirable outcomes [14, 16] . Once it has been established that certain procedures used in speciWed situations or for certain patients are clearly associated with good results, the presence or absence of these procedures for such patients or situations can be accepted as evidence of good or bad quality [6, 13, 14] . Such evidence-based structural or process indicators may be referred to as 'outcomevalidated' and represent direct measures of quality [25] .
Process indicators are especially useful when [15] : quality improvement is the goal of the measurement process; an explanation is sought for why speciWc providers achieve particular outcomes; short time frames are necessary; performance of low volume providers is of interest; and when tools to adjust or stratify for patient factors are lacking.
Comparisons of process data are easier to interpret and more sensitive to small differences than comparisons of outcomes data. A process indicator can measure whether or not a stroke patient receives the right medication, whereas 30-day mortality rates from stroke patients may be difWcult to interpret.
Palmer suggests that outcomes data are useful if [15] : outcomes can be measured that are affected by health care; long time-frames are possible; performance of whole systems should be studied; or if a high volume of cases is available. Outcomes data are most useful for tracking care given by high-volume providers over long periods of time, and for detecting problems in implementation of processes of care. Figure 1 indicates that the outcome of care is determined by several factors related to the patient, the illness, and health care. Differences in outcome may be due to case mix and other confounding factors. Standardized data collection and risk adjustment are therefore important for interpreting outcomes data. Outcome indicators could be used when variations in health care might result in signiWcant variations in health outcome, and where the occurrence is sufWciently common, the outcome indicators will have power to detect real differences in quality [25] . In general it can be recommended that the broader the perspective required, the greater the relevance of outcome indicators. As the perspective narrows to hospitals and departments or providers, outcome measures become less useful, although still important.
A reasonable strategy is to select measures that meet the needs of each particular condition or treatment; sometimes these will be structure or process measures, and sometimes outcomes measures. More often, they will be a combination of the two.
Regardless of whether structural, process or outcome indicators are chosen, feasibility of measurement is always a key consideration. In addition, the frequency with which an event occurs in the population available for study may affect the usefulness of an indicator, unless it is a sentinel event as described previously.
Generic and disease-specific indicators
Generic indicators measure aspects of care that are relevant to most patients, while disease-speciWc indicators are diagnosis-speciWc and measure particular aspects of care related to speciWc diseases. Both generic and disease-speciWc indicators can focus on structure, process, or outcome. lists examples of generic and disease-speciWc indicators. As indicated, generic indicators may be difWcult to interpret, especially when making comparisons among hospitals or providers, because there may be profound differences in patient mix. Disease-speciWc outcome indicators can be used to compare hospitals and plans, when data are riskadjusted. Confounding factors, such as prognostic factors for speciWc diseases, are likely to be found in the scientiWc literature for these diseases, thereby indicating the need for risk adjustment.
Indicators related to type of care, function, and modality
Indicators can be classiWed according to type of care, function, and modality [26] . Indicators classiWed by type of care may be preventive, acute, or chronic. Function of care can relate to screening, diagnosis, treatment, and follow-up. The modality by which care can be delivered relates to physical examination of the patient, laboratory or radiology study, or prescription of medication, for example [26] . Table 5 illus- trates how indicators can be classiWed into these three groups. The example is modiWed from work by Schuster et al. [26] , and illustrates how indicators can be classiWed in a quality of care measurement system to cover multiple clinical topics.
Conclusion
Clinical indicators measure the extent to which set targets are achieved. They are expressed as numbers, rates, or averages that can provide a basis for clinicians, organizations, and planners aiming to achieve improvement in care and the processes by which patient care is provided. They can be measures of structure, process, and outcome, either as generic measures relevant for all diseases, or disease-speciWc measures that describe the quality of patient care related to a speciWc diagnosis. In general, indicator data are of interest to patients, purchasers, and providers. Outcomes may be of major interest to consumers and payers of care, while providers who are receiving data for quality improvement purposes need detailed data about the process of care to make the information credible and possible to act upon.
Clinical indicators should be valid and sensitive to the events and changes they are intended to detect. Furthermore, clinical indicators should be clearly deWned in order to avoid the measurement of changes in the patient's status arising from external factors not related to objectives and targets. Only evidence-based clinical indicators predict patient outcomes and are true measures of quality, although indicators based on professional consensus without evidence may be all that is feasible for certain conditions, treatments or patient populations. Patient health outcomes are determined by many other factors besides the quality of health care. Risk adjustment therefore plays an important role in comparison using outcomes data, in order to adjust for confounding factors.
The surveillance of health care quality is greatly aided by the use of relevant quantitative indicators, supplementing other approaches that may include qualitative analyses of speciWc events or processes. For the healthy population, indicators can also be important with regard to prevention, quality of life, and satisfaction with health care.
